Although the dermatophytes are common fungal pathogens, very little is known concerning their metabolic systems. Biochemical studies with this group have been limited primarily to the nutritional requirements (Robbins et al., 1942; Schopfer and Blumer, 1943; Robbins and Ma, 1945; Georg, 1950; Benham, 1953; Silva, 1953; and Silva and Benham, 1954) and the demonstration of various extracellular enzymes (Tate, 1929) . Respiration studies were first conducted by Nickerson and Chadwick (1946) Preparation of cell free extracts. The frozen mycelial pad was mixed with an equal volume of small glass beads (0.2 mm) and ground with a pestle in a cold mortar until only a few intact cells could be detected microscopically. This usually involved an initial grinding period of about 10 min, during which 20 ml of cold water was added.
Although the dermatophytes are common fungal pathogens, very little is known concerning their metabolic systems. Biochemical studies with this group have been limited primarily to the nutritional requirements (Robbins et al., 1942; Schopfer and Blumer, 1943; Robbins and Ma, 1945; Georg, 1950; Benham, 1953; Silva, 1953; and Silva and Benham, 1954) and the demonstration of various extracellular enzymes (Tate, 1929) . Respiration studies were first conducted by Nickerson and Chadwick (1946) in which the effects of substrate and pH upon oxygen uptake were determined. Further studies by Bentley (1953) Stadtman et al. (1951) .
Determination of enzyme activities. Dehydrogenase activity was measured by determining the reduction of either di-or triphosphopyridine nucleotide (DPN or TPN) in the presence of the specific substrate. Reduction was determined by measuring the change in optical density of the test solution at 340,u with a Beckman Model DU spectrophotometer with 1 cm quartz cuvettes. Details of the specific volumes and concentrations of the various buffers, substrates, and reagents are given with the results for each enzyme. In addition to this method, succinic dehydrogenase was also measured by the method of Slater and Bonner (1952) .
The photometric method of Wajzer (1949) was used in studying hexokinase. Aldolase was dedected by the method of Sibley and Lehninger (1949) , and for the detection of phosphoglucose isomerase, the method of Slein (1955) was used. Glyceraldehyde-3-phosphate (GAP) dehydrogenase activity was measured by the spectrophotometric method of Warburg and Christian (1939) as modified by Cori, et al. (1948) .
The method used for the determination of aconitase has been described by Racker (1950) , and a similar method, also devised by Racker (1950) , was used for the measurement of fumarase activity.
Adenosine triphosphatase (ATPase) activity was determined by the method of DuBois and Potter (1943) and the method of Fiske and SubbaRow (1925) was used to determine the inorganic phosphate released.
RESULTS
The enzymes considered in this study fall into four general categories: those of the hexosediphosphate system, the hexosemonophosphate system, the tricarboxylic acid cycle, and a mniscellaneous group of enzymes. Although sufficient evidence is not presented here to prove unequivocally the operation of such systems in this organism, the enzymes detected will be considered in the above order for convenience.
Preliminary studies of hexokinase activity in cell free extracts showed marked activity due to endogenous substrate, with only a slight increase due to added substrate. To eliminate endogenous factors, the enzyme preparation was dialyzed through cellophane in cold distilled water (4 C) for 18 hr. This preparation was then tested as described to determine the effect of added sub- The DPN cuvette contained 0.5 ml sodium pyrophosphate (1.0 M) pH 9.6. Volume adjusted to 3.0 ml with water. strate, adenosine triphosphate (ATP) and Mg §. Figure 1 shows the results obtained in the complete system and with the omission of glucose, magnesium, ATP, and the cell free extract. A specific requirement for ATP and Mg is demonstrated, whereas a high endogenous activity remains in Figure 3 shows the activity of this enzyme as reflected in the subsequent reduction of these two coenzymes.
As measured by the method of Sibley and Lehninger, cell free extracts showed considerable aldolase activity which was directly proportional to the amount of enzyme added. Cell free extract (0.2 ml) caused an increase in optical density of 1.2 at 540 m,. DPN was found to be the specific coenzyme required for the dehydrogenation of glyceraldehyde-3-phosphate. The addition of TPN resulted in no activity, as did the addition of enzyme plus DPN without substrate. In all cases the enzyme reaction was initiated by the addition of the GAP. An increase in optical density of 0.23 was obtained in 3 min by the action of cell free extract (1.0 mg protein) with 0.4 mg DPN and 4 ,umoles of GAP.
Two distinct enzymes appear to function in the dehydrogenation of glycerol by this organism. The most active of these has a specific requirement for TPN, whereas the other, which is only about one-fourth as active, is DPN-specific. As shown in figure 4 , saturation of the cell free extract with either coenzyme results in a maximum change in optical density for each enzyme. In each case the addition of the other coenzyme to the system causes an increase in optical density sodium pyrophosphate (1 M), 1 ml; glycerol (1 M), 1 ml; cell free extract, 0.5 ml. Curve A: Initial 0.2 ml DPN (1.0 mg/ml) followed by additions of 0.1 ml as indicated. Curve B: Initial 0.2 ml TPN (1.0 mg/ml) followed by additions of 0.1 ml as indicated. Evidence for the existence of the hexosemonophosphate pathway of oxidation was demonstrated by the dehydrogenation of both glucose-6-phosphate and 6-phosphogluconate in the presence of TPN. In both cases TPN was again found to be the specific coenzyme required for these enzymes.
Cell free extract preparations containing approximately 1 mg of protein per ml were tested for adenosine triphosphatase activity and found to release 1.0 ug of inorganic phosphorus per ml in 15 min with blank values seldom exceeding 0.1 ,g.
DISCUSSlON
In spite of the great strides made in the field of bacterial metabolism, similar studies with the filamentous fungi have been limited. Only such well-studied fungi as Penicillium chrysogenum, Aspergillus niger, and Neurospora crassa have received significant biochemical attention, whereas the dermatophytes are metabolically unknown. One of the greatest deterrents to studies with dermatophytes is the very high endogenous activity encountered. Attempts to starve these cells usually results in a loss of much of the enzymatic activity rather than just the endogenous activity alone. In this study, the use of cell free extracts has eliminated this problem and permitted measurement of specific enzyme activity. As a result, it has been shown that T. mentagrophytes contains many of the enzymes responsible for the operation of the hexosemonophosphate and hexosediphosphate pathways of carbohydrate dissimilation, and of the tricarboxylic acid cycle. The almost exclusive TPN coenzyme property of most of the dehydrogenases is noteworthy, and may be associated with the obligately aerobic requirement of this organism.
The simple nutritional requirements of this organism are probably related to its enzymatic capacity to dissimilate a great variety of substrates, excluding it from the nutritionally fastidious group of human pathogens and relating it closely to the nutritionally independent group composed of saprophytic fungi. The dermatophytes are known to proliferate readily in the nutritionally simple environment represented by human keratin, rarelv invading significantly the vascularized tissue, which represents a far more complex nutritional zone. The failure experienced thus far in fungal chemotherapy is in turn probably related to these physiological properties and the unique location of the parasite. The TPNspecificity of the numerous enzymes described above provides, nevertheless, a suggestive chemotherapeutic lead in the form of TPN antimetabolites, although the problem of delivering such compounds to the fungi through the keratinous skin layer is still a formidable one.
SUMMARY
Studies of the enzymatic activity of cell free extracts of Trichophyton mentaqrophytes indicate the presence of both the hexosediphosphate and hexosemonophosphate pathways of carbohydrate dissimilation, as well as the tricarboxylic acid cycle. Coenzyme specificity for the dehydrogenases has been demonstrated: With the exception of 3-phosphoglyceraldehyde dehydrogenase and one of the two glycerol dehydrogenases, all show a specific requirement for triphosphopyridine nucleotide.
